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AFm3CIL, TPhase space based damage detection for bridge vibration monitoring (MEENE=% U 75— & ONFHZE
AT R DGR ORERMTIEORFT) | LML, ®XTLY, 26 ETHR I TV,

A, BRIV TE, M T O PC AT BT, RO I & D SORBERE DA (7 S TEHE F IR
WEERBEORELME SN TEY, 20X RBEIC L 2HERE~OZERBEIN TS, ZAET, M
HWESIREN T — X IS IRBVFHEOTIC K 2 ERAMORBNB L 2SN TV DR, oo b5 5 IRENE,
7 & OFHRFERE CITHRGIC X 2 2L AR T2 CHRBRAMPRETH 5 722 LORES RS T D, —J5,
PN SR L AR 2 2 FiE & LT, WRRAIT — 2 0 b B IRTTONFAZE M MR U, A0CFE 22 O sbie
WRENEZ EEFMT 5, LAHZERGHT & WD i OSLIZmT Mmet D b T b, RiF%EIE, ZhE
THRENK T do - 72 PC Sk OREWT, SORMREZR L E OB 4 FHIREM T 5 FIEOMEL B L, BRIRDE=4
Vo 7T — 2 ~ONFEZERGHT O %25 2, FRERB L OEGROMEMT, BT —2OiERICEY,
BT ARE M OWMHL, B LWFMEEORBEL T b DO THD.

% 1% lntroduction (FFag) | Tix, AWEOT R, HIY, AFRILOMEIIOWTHRRTNWD. E72, IO
FATOWTHEFLL, AAHZEE 00T 2 AW IIBRACEE T 2 2 E TORY MAEIZ O THAL TV 5.

% 2 % [nvestigation of phase space indices for changes of dynamic properties (JEEhFFEZLANARZEMFRIEIC 5 %
DR BT 2 MEN ] TE, ACARZER AT L VA B D A FHMEEE (MAHZEMIFEAD) ok LT, M oI
PES IREN S B D VIR FHE OBV NELN G- 2 5 B A ERINCHL NI T 570, | BRERET ML HIRE)
B L OEEEHICET 537 A MY » VT 217V, ACFZERNIZ IS 1T 2 8UBREIK D ZE{t. (Change of Phase Space
Topology, CPST) 7% & OAIHZERIFEREICIEH 372 2 LI K D U R B LA A CE D alietEn d o Z L &R L
TW5. 20 T, HDALRITTRLENREM 72 EORFAZEMGHTIZI T D EAR T A —4, FHNSERR & D%
BERL, R & AR RTEIE & O BIR A R TIEER AR ZE MR OB LR A R LT D,

% 3 % [Experimental study on phase space indices on artificially damaged PC girders (A ZHJICEE % 5 2 7= PC #7
DRI A~ ONABZE HFERE O A MEIC B3 2 ZBRApIIE) | T, EMEM RV EIRL7Z PCHiraxtg s L
T, PC HiR % BEFERIIZ U2 2 L IC R D G OEITT AR L, S CEEMMD 5\ MNEA 2R by ~—
FIBRIC X % B BRI 2 UG L, (AR ZEMIfRAE O AYEIC OV TRFT L TV 5. ZOHRE, CPSTIZER TS Z
LI XY, BEEOHEER & W o T REROFHMFERE & b, K0 BN RS R L 2 2 B D ATRE
NHHZEERLTND.

% 4 % [Proposal of a new phase space index for detection of high-frequency mode (fKE— FIRH D72 D DH L
AAHZE TR DR ER) | TlX, BROZAIMICBIT 2HE L LT, IEMNREDHEOIEREMNE L BT 2 RN HE L,
FRFR ARG & U T SRR E E F2H &% O FEM FEHT 217V, SERMBIMERBUC L D \IRE— RORELZHRT DL & &
HIZ, BWIRE— RREAEIHE S (A2 BT 28R OELN A E &5 CPST ®43#k (Variance of CPST,
VCPST) ##H LWVAMEfEE L L TIREL, BMKE— FORLEOHRMCAD THS Z LE2RLTVA.

% 5 2 [Proposal of bridge condition evaluation method from acceleration monitoring data based on phase space indices

BRE=ZV 7T —2 % TR ZE BRI 5D OREEFHIEORE) | Tli, EBRITBWTHELALE
HREE=2 YV L 77— 2 %ML, BROWREERBRTLHIEEL LT, (CHZEEREORAEEREZ Kb L
TERFE N T LN BX T ERBR L, BARBIZ, HIERRTHE O R0 8T &~ FTREYEIC DWW TR LTV 5.

% 6 % [Conclusions and recommendations for future work (f§im& OMES) | TIX, AWFEORHRER~T L & b,

L% DOPBIZONTIRARTNS.
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Structural Health Monitoring based on vibration responses has been widely used in nowadays. However, a
method to analyze and evaluate bridge condition is still not sensitive enough. Even knowing a damage
existence, the detection using vibration responses is still a challenging task because some damages affect
slightly on the structural dynamic properties. Phase space analysis is a method using information from
several dimensions of the vibration response and plots them as phase space topology. It is expected in this
study that phase space indices quantitatively represented of phase space topology will enhance the
sensitivity of vibration-based damage detection. Therefore, this study proposes a more sensitive bridge
condition evaluation method using vibration data based on phase space analysis.

Capability of phase space indices on the detection of slight change of dynamic properties has been
investigated. Results show that not only phase space indices changes with the slight change of dynamic
properties (simple model, SDOF) but also are sensitive enough to detect the PC tendon damages
(experiments on a PC girder). Moreover, due to other features observed on phase space topology, a new
phase space index named Variance of Change of Phase Space Topology (VCPST) has been proposed. The
index has ability to detect an occurrence of higher mode of vibrations due to nonlinear dynamic behaviors
such as bearing damage at a support or bearing gap closing due to expansion of a bridge’s span. Capability
of the proposed index has been verified with artificial data, FE model, and field-experiment on an actual
bridge.

Then, to proposed bridge condition evaluation method, the “Characteristic Medical Chart” based on
phase space indices and long-term monitoring data has been constructed. The chart helps engineer follow
up bridge condition. Investigation of suspicious events such as earthquake and bridge support condition

changes have been demonstrated with the chart.
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